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Abstract
In recent years, enterprise architecture (EA) has captured growing attention as a means to systematically
consolidate and interrelate diverse IT artefacts in order to provide holistic decision support. Since the emergence
of Service-Oriented Architecture (SOA), many attempts have been made to incorporate SOA artefacts in existing
EA frameworks. Yet the approaches taken to achieve this goal differ substantially for the most commonly used EA
frameworks to date. This paper investigates and compares five widely used EA frameworks in the way they
embrace the SOA paradigm. It identifies what SOA artefacts are considered to be in the respective EA
frameworks and their relative position in the overall structure. The results show that services and related
artefacts are far from being well-integrated constructs in current EA frameworks. The comparison presented in
this paper will support practitioners in identifying an EA framework that provides SOA support in a way that
matches their requirements and will hopefully inspire the academic EA and SOA communities to work on a closer
integration of these architectures.
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INTRODUCTION
During the last decades, modern enterprises have invested heavily in a multitude of IT artefacts. A commonly
accepted approach to dealing with the resulting complexity and to improving overall business/IT alignment
revolves around the specification of Enterprise Architecture (EA). EA is a holistic perspective incorporating all
artefacts of an enterprise such as business, organisational, application, information, data and infrastructure
artefacts (Buckl et al. 2010). It describes and models elements of organisations and shows how they are
organised and connected, and how they function as a whole. EA is not a physical artefact in itself; rather, it
produces the artefacts (e.g., models) that illustrate the enterprise’s present and desired future structure (Seppänen
2008). In general, EA should be organised in a manner that explains the structure, behaviour and properties of
the enterprise. It specifies the elements that constitute the enterprise. Further, EA elements and artefacts need to
be applicable for a broad range of enterprises and government agencies (Winter and Fischer 2007). However,
there is a lack of consensus on EA terminologies, concepts, approaches and outcomes which leads to confusion
in communications within the EA discipline and with EA stakeholders (Luo 2006; Mykhashchuk et al. 2011).
Further, EA provides many benefits to enterprises such as aligning business and IT, improving organisational
communications and information sharing, and reducing IT complexity (Tamm et al. 2011). In order to continue
to deliver these benefits, EA frameworks themselves need to embrace change in ways that adequately consider
the emerging new paradigms and requirements affecting EA, such as the paradigm of service orientation
(Alwadain et al. 2010).
Service-Oriented Architecture (SOA) can be viewed from two perspectives: a narrow technical and a broader
business/managerial view. Although most of the definitions are predominantly technical, recent publications
have taken a broader perspective of SOA from a business viewpoint (Lee et al. 2010). From a technical
perspective, SOA is a software architecture approach where the basic components of design and development
are services (Kumar et al. 2007) . However, SOA from the broader business perspective is defined by Engels et
al. (2008) as a paradigm for structuring the business of an enterprise in the form of services which accordingly
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drives the IT architecture. It provides a new way for enterprise engineering that covers both the organisational
and technical aspects of an enterprise. This concept is based on the understanding of business capabilities as
services (e.g. payment, fraud detection) down to the technical implementation of encapsulated software
capabilities in terms of Web Services (Lee et al. 2010; Stein et al. 2008). Therefore, SOA principles and
elements should be used in the conceptual modelling of EA (Gustas 2007).
Along the movement towards service-orientation, EA is important for managing the services landscape.
Enterprise architects have to adapt their methodologies and concepts in order to manage the complex service
architecture (Postina et al. 2010). Services are increasingly considered as one of the enterprise’s essential assets
which need to be considered and integrated in EA (Correia and Silva 2007; Khoshnevis et al. 2009). Correia and
Silva (2007) emphasise the need to capture services within EA frameworks. They highlight the importance of an
integrated and cohesive vision of services in EA in order to increase organisational agility. Further, Sanders et
al. (2008) highlight the need to combine SOA with EA frameworks in order to describe a complete system.
Grigoriu (2007) argues that SOA and EA are about the architecture of the enterprise. Thus, SOA and EA should
be seen as complementary to each other rather than alternatives (Knippel and Skytte 2007; Seppänen 2008).
SOA requires an intensive enterprise re-engineering effort which has consequences for the different EA layers
such as process, applications and infrastructure. He argues that SOA implementation does not achieve its
objectives outside the context of EA development, because SOA relies on EA “as-is” models and artefacts. EA
is needed to plan the journey from an “as-is” to a “to-be” service-oriented EA before the implementation or
adoption of SOA. When adopting SOA, the EA team should embrace SOA to increase the visibility and the
impact of SOA (Paras et al. 2007). EA can be seen as an approach which describes the baseline and target
architectures and assists in developing a roadmap for SOA adoption. Therefore, enterprises need an EA with
supporting methods and tools in order to implement an architecture based on SOA and to take advantage of the
new capabilities that SOA offers (Perko 2008). In addition, service-orientation descriptions can be employed for
the semantic integration of both the dynamic and static aspects of EA frameworks (Gustas 2007).
Currently, selected EA frameworks provide support for service orientation and integrate SOA elements, e.g.
TOGAF and DoDAF. However, there is inconsistency in what elements of SOA need to be captured and
positioned in the different layers of EA. This is even aggravated by the observation that SOA standards are
inconsistent in terms of definitions and expression and may not provide sufficient models required by
practitioners to establish best practices for architecture (Sprott 2011). Erl (2005) argues that service orientation
and SOA appear to be confusing terms. Viering et al.(2009) found that in regard to SOA, a key challenge is the
lack of consistency with respect to emphasis, terminology and levels of abstraction employed to describe SOA
design principles. SOA stakeholders have various concerns which need sufficient viewpoints to address these
needs. Nevertheless, enterprise architecture frameworks are not yet adequately reflecting the shift towards SOA
nor fully addressing the viewpoints of SOA stakeholders (Postina et al. 2010). A key challenge arising from the
different approaches to integrate SOA and EA frameworks lies in addressing completely and correctly the SOArelated concerns of various stakeholders. An enterprise seeking to adopt SOA and document current and future
SOA elements in EA will potentially run into difficulties when identifying and classifying a relevant and
complete set of SOA elements for different stakeholders using EA framework that has not sufficiently addressed
SOA concerns and characteristics. Thus, in order to address this challenge, the architectural descriptions
referring to SOA elements in the current or future states of the EA need to represent and match the
corresponding concerns of the stakeholders.
This paper addresses the aforementioned challenge by comparing widely used EA frameworks based on the
identification of SOA elements in these frameworks and their positions in each framework. In doing so, this
paper addresses the following research question: How do major Enterprise Architectures integrate these SOA
elements?
The contribution of this paper is that it presents the first thorough analysis and comparison of EA frameworks in
terms of their integration of SOA elements in order to better understand and integrate SOA in EA frameworks
and to ensure that systems are built based on a comprehensive understanding of the concerns of the different
stakeholders and assure the use of common terminology and content of SOA architectural descriptions
(Greefhorst et al. 2006). Thus, in order to establish a common ground for the framework comparison, different
EA frameworks were systematically studied. SOA elements were identified and each framework was assessed in
terms of its capability to capture these elements, after which the frameworks were compared.
The remainder of the paper is structured as follows. Section two briefly reviews the literature on EA and SOA.
Section three presents the research design of this study. Section four describes and analyses five widely used EA
frameworks that support SOA. Section five compares and discusses their SOA integration. The last section
presents conclusions and an outlook on future research.
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LITERATURE REVIEW
In recent years, Enterprise Architecture has gained a considerable importance in academia and practice. It is
considered an important means to support enterprise transformation and to enable the managed evolution of
organizations (Mykhashchuk et al. 2011). Lankhorst (2005) characterises EA as “a coherent whole of principles,
methods, and models that are used in the design and realization of an enterprise’s organisational structure,
business processes, information systems, and infrastructure”. In general terms, the enterprise framework
approach defines how information technology is associated with enterprise business processes and outcomes,
and describes relationships between technical and organisational elements of the enterprise (Weerakkody et al.
2007). EA can be considered as a means to address the complexity of modern enterprises (Seppänen 2008;
Zachman 1987). It describes and models the organisations’ elements and shows how they are organised,
connected and function as a whole.
Although a plethora of EA frameworks has been developed (Berrisford and Lankhorst 2009; Buckl et al. 2010;
Sowa and Zachman 1992; The UK Department of Defence 2010b; US Department of Defence 2009), they all
have a set of shared benefits. EAs improve the understanding of an enterprise’s business and information
systems landscape and support holistic decision making (Franke et al. 2009). EA documents and helps maintain
the enterprise’s current IT and business landscapes and its related plans, and facilitates the development of the
future state. At a high level of abstraction, EA is a communication method between stakeholders (Chen et al.
2008). It facilitates the communication of essential constituents of an enterprise to different stakeholders by
allowing different viewpoints and alternative levels of abstraction along the artefact development lifecycle
(Buckl et al. 2010). Therefore, EA frameworks need to embrace change in ways that sufficiently consider the
emerging new paradigms, such as the paradigm of service orientation (Alwadain et al. 2010; Postina et al. 2010)
in order to deliver such benefits.
Service-Oriented Architecture (SOA) has gained much popularity in both academia and practice since it was
introduced by a Gartner analyst in 1996. Service orientation is based on recognised concepts such as loose
coupling, composition and coordination of building blocks and complexity reduction (Schroth 2007). Many
definitions of SOA have been published by academics and practitioners. In general, the definitions can be
classified into two perspectives: a technical and a business/managerial perspective. Although most of the
definitions are predominantly technical, recent publications have taken a broader perspective of SOA from a
business viewpoint (Lee et al. 2010). For example, Engels et al. (2008) define SOA as a paradigm for structuring
the business of an enterprise in the form of services which accordingly steers the IT architecture. In fact, SOA
provides a framework to assist communication and interaction between services. These services are published by
service providers with related service level agreements in service registries to be accessed and utilised by service
consumers (Luthria and Rabhi 2009). Thus, there are three key players in SOA: the service provider, the service
consumers and the agencies that help consumers find services (Erl 2005; Luthria and Rabhi 2009; Papazoglou
2003).
The SOA Reference Model which was introduced by the public standardisation body OASIS (MacKenzie et al.
2006) describes SOA core elements such as service, contract, policy, service function, service provider, service
consumer, service description, service interface, and the relationships between these elements. This model is
used to understand the significant elements in a service-oriented environment and for the development of
consistent standards and specifications that support the environment. Further, The Everware-CBDI Inc has
introduced the CBDI Service Architecture and Engineering™ (CBDI-SAE™), which is an SOA meta-model
that includes a taxonomy of all terms used (Everware-CBDI Inc 2009). It provides elements for describing a
business-oriented SOA, independent of technology and services implementation. However, the CBDI-SAE™
has not been integrated with any existing enterprise architecture framework (Stein et al. 2008). Nonetheless, the
meta-model has a first-class service element that executives relate to very well and contains some elements
logically associated with it such as service interface, service dependency, service domain, participant and service
classification. Service specification, which is used in the software realm, includes the elements that describe a
service such as service definition, service operation, SLA, versioning, service state, and policy.

RESEARCH DESIGN
This research consisted of four steps. First, the EA frameworks that would be within the scope of this study were
identified. The second step was to review each framework with respect to their integration of SOA elements. In
the third step, the identified elements were grouped in generic categories based on similarities. In the fourth step,
the elements were compared across the different frameworks.
The first step was to select EA frameworks for this study. The adopted criteria to choose the EA frameworks
were: (1) wide use and popularity, and (2) support of SOA elements. In terms of wide use, a recent survey from
Infosys (2009) showed that TOGAF, Zachman and FEAF are the most adopted EA frameworks. Another survey
showed that TOGAF, Zachman, FEAF, DoDAF, Gartner, and MODAF are the most used frameworks (Varnus
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and Panaich 2009). In the literature, Leist and Zellner (2006) claimed that ARIS, DoDAF, FAEAF, MDA,
TEAF, TOGAF and Zachman are reputable and widely deployed EAs. In addition, Winter and Fischer (2007)
argued that TOGAF, FEAF and ARIS are widely used EA frameworks and compared them in terms of the
essential elements in each framework.
The second criterion for EA frameworks selection in this study was the integration of SOA elements in these
frameworks. The five frameworks incorporated in this study have documentations and/or provided meta-models
describing how SOA elements are integrated in their EAs (see e.g., (Berrisford and Lankhorst 2009; Federal
CIO Council 2008; US Department of Defence 2009). Therefore, TOGAF, FEAF, DoDAF and MoDAF were
included in this study, because they meet these criteria. ArchiMate was also included, because it was developed
as a service-oriented EA modelling language (Berrisford and Lankhorst 2009). The Zachman framework was
excluded, because it was previously covered in another study (Alwadain et al. 2010). The Gartner framework
was also excluded as it was not fully accessible due to commercial restrictions (Franke et al. 2009). Stein et al.
(2008) showed how SOA modelling is enabled in ARIS. However, it did not explain how SOA elements fit into
the original structure of the framework. Therefore, ARIS was excluded, too.
In the second step, the SOA elements in the selected frameworks were identified and presented in Table 1. When
SOA elements were found explicitly in the frameworks’ meta-models, then that was considered as very strong
evidence for the explicit integration of SOA elements and “++” is used in the table to designate this. Similarly, if
they were identified explicitly in the textual documentation, then this was considered strong evidence and “+”
was used in the table. However, if they were found implicitly in the documentation (i.e., it was uncertain
whether they are part of SOA or not), then this was seen as weak evidence of the integration and “+/-” was used
in the table. The identification for each framework is described explicitly to make this process transparent and
verifiable.
When we analysed the different approaches to integrating SOA elements across various EA frameworks, we
noticed that there were conceptual as well as terminological variations with regard to the SOA elements that
were represented in these frameworks. In order to be able to provide a more general overview and comparison
of the approaches without losing detail, we decided to keep the original terms as used in the respective
frameworks, but group them together in more generic categories based on the key elements of the OASIS
reference model mentioned earlier. The categories are services, actors (e.g. service provider and consumer),
service interfaces, service contract, and others for elements that could not be grouped together (e.g. service
description, service policy, and service function). A discussion of the findings of the comparison is presented in
section six. Both the original names of SOA elements and the grouping are presented. The columns of the table
represent the five frameworks and only their layers (viewpoints) that have SOA elements, as some frameworks
have represented SOA elements in one layer, e.g. DoDAF.

SOA INTEGRATION IN EA FRAMEWORKS
This section outlines the examination and comparison of how SOA elements are integrated in the selected EA
frameworks in terms of the completeness of their integration and their relative position in the EA layers
(viewpoints) to cover stakeholders’ concerns.
ArchiMate
ArchiMate is an Enterprise Architecture modelling language. It has been introduced with a focus on service
orientation and it defines the following three layers (viewpoints): the Business, Application and Technology. It
models the global structure in each layer, the main artefacts, components, and dependencies between them, and
the relationships between the layers (Iacob et al. 2007). Further, it has been adopted by the Open Group for
modelling enterprise architecture (The Open Group 2009a). In order to identify SOA elements in ArchiMate,
ArchiMate Specification (The Open Group 2009a) was investigated. First, in the business layer, a product which
is defined as a coherent collection of services, a business service, a business interface and a contract are
identified in the provided meta-model. However, the contract is associated with the product (collection of
services), not the business service. SLA and QoS are recognised in the text as part of the contract. Second, in the
application layer, an application service and an application interface are found in the meta-model. Third, in the
technology layer, an infrastructure service and an infrastructure interface are recognised in the meta-model.
The Open Group Architecture Framework (TOGAF)
The Open Group Architecture Framework (TOGAF) is considered an industry Enterprise Architecture
framework. The recent rework of TOGAF for version 9 consists of six main parts. The Architecture
Development Method (ADM) illustrates the ten different phases of EA development. The ADM techniques and
guidelines are provided to support the application of the ADM and to deal with different scenarios and different
process styles. The content framework provides a conceptual meta-model for describing architectural artefacts. It
is not considered compulsory and could be combined with other meta-models. The enterprise continuum is a
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virtual repository to maintain the architectural assets like models and architectural descriptions. The TOGAF
reference models are divided into The TOGAF Technical Reference Model and the Integrated Information
Infrastructure Reference Model. The Architecture Capability Framework is a set of the required skills, roles and
responsibilities to establish and operate an Enterprise Architecture (Buckl et al. 2009; The open Group 2009c).
SOA elements in TOGAF are represented in its meta-model and explained further in its documentation (the
Open Group 2009b; The open Group 2009c). First, in the business architecture, a business service, a contract,
service quality and a measure, which links objectives to business services, are identified in the meta-model. A
service level agreement (SLA) is also found in the documentation. In the application architecture, an information
system service is represented, and in the technology architecture, a platform service is identified in the metamodel. In TOGAF documentation, a service interface, service attributes and a service policy are identified as
part of all three architectures of business, application and technology.
The Federal Enterprise Architecture Framework (FEAF)
The Federal Enterprise Architecture Framework was developed by the US Federal Chief Information Officers
Council. The FEAF was introduced to comply with the Clinger-Cohen Act to develop and maintain integrated
systems architectures and to promote and organise Federal information sharing across the Federal government
agencies (Urbaczewski and Mrdalj 2006). It has five reference models: the Performance Reference Model
(PRM), the Business Reference Model (BRM), the Service Component Reference Model (SCRM), the Technical
Reference Model (TRM) and the Data Reference Model (DRM). The reference models are designed to
standardise terms and definitions in EA contexts and facilitate sharing and collaboration across the entire Federal
government (Federal CIO Council 2008). In order to identify SOA elements in the FEAF, its SOA practical
guide was investigated (Federal CIO Council 2008). However, no meta-model is provided. Thus, the
documentation itself was used to evaluate the extent to which SOA elements and artefacts are integrated. The
service model is apparent within the BRM and the SCRM. The following elements and artefacts of service
portfolio, business service, IT service, Quality of Service, SLA, service contract, service consumer and service
provider are recognised in the documentation.
The Department of Defence Architecture Framework (DoDAF)
DoDAF V2.0 is a comprehensive, overarching framework and conceptual model that enables the development
of architectures to assist DoD managers in making key decisions more effectively. The vision for DoDAF is to
provide a comprehensive set of architecture concepts, methods and best practices to facilitate architecture
development, to define and institutionalise the Net-Centric Data Strategy and Net-Centric Services Strategy of
the Department, and to define, describe and develop services through the introduction of SOA. DoDAF V2.0 has
different viewpoints: Systems Viewpoint (SV), Service Viewpoint (SvcV), Data & Information Viewpoint (DIV),
Operational Viewpoint (OV), Standards Viewpoint (StdV), Capability Viewpoint (CV), Project Viewpoint (PV)
and All Viewpoints (AV) (US Department of Defence 2009). The DoDAF documentation was reviewed to
identify SOA elements. In the DoDAF generic meta-model, a service (including business and software services),
service description, a service port and a service performer (both a service consumer and a service provider) are
found. The DoDAF documentation contains service function, service contract (SLA is part of it), service policy,
QoS, service channel. The main viewpoint that has SOA elements is the Service Viewpoint (SvcV). However,
these elements may appear in some other viewpoints such as All Viewpoints and Capability Viewpoint when
mapping services to capabilities.
The Ministry of Defence Architecture Framework (MODAF)
The MODAF is an enterprise architecture framework developed by the UK Ministry of Defence to support its
planning and management activities. The MODAF provides a consistent set of rules and templates, known as
views, which provide a textual and graphical visualisation of an area of the business. Each view provides a
different perspective on the business to match different stakeholder interests. The views are divided into seven
categories: strategic views, operational views, service oriented views, systems views, acquisition views,
technical views and all views. The MODAF offers a meta-model which defines the relationship between all the
data in all the views (The UK Department of Defence 2010a). The service-oriented viewpoint provides seven
views to provide a perspective that enables service specification, behaviour and policies. The views do not focus
on the detailed implementation of services, but on requirements that the services fulfil. A service, service
interface, SLA, service policy, service function, service attributes (description), and service consumer have been
identified in the MODAF’s models as SOA related elements (The UK Department of Defence 2010b).

Table 1. SOA Elements in EA Frameworks
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EA Frameworks

TOGAF 9

FEAF

DoDAF
v2.0

Business Service

++
++

Application Service

++

+

MODAF
Service
Oriented
Viewpoint

Services Category

Service

Services View

SCRM

BRM

Technology

Information
Systems

Business

Technology

elements

Application

SOA

Business

Layers (views)

ArchiMate

++

+

++

+

IS Service

++

Enterprise Service

+

Infrastructure

++

Service
Platform Service
Actors Category

Actor

Interfaces Category

Business Interface

++
++

+

Service Consumer

+

+

Service Provider

+

+

Performer

++

++
++

Application Interface

++

Infrastructure
Interface

++

Service Port

++

Service Interface

+

+

+

+

+

++

Contracts
Category
Others Category

Contract

++

++

+

+

+

SLA

++

+

+

+

+

Service Conditions

++

QoS

+

Product

++

++

+
++

+

+

+

Measure

++

Service Description

+

+

+

++

++

Service Policy

+

+

+

+

++

Service Channel

++

Service Function

+

++

COMPARISON OF SOA INTEGRATION IN EA FRAMEWORKS
The five selected EA frameworks were compared in order to provide an overview of the commonalities and
differences in terms of the SOA elements covered and the position of these elements in the layers (viewpoints)
of the five frameworks. Conclusions based upon this comparison are presented in the next section.
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First is the services category. The service is found in all the frameworks; however, it differs substantially in the
details. For example, a generic service element is identified in the meta-models of DoDAF V2.0 and the
MODAF, while a business service is recognised in the meta-models of ArchiMate and TOGAF, and in the
documentations of the FEAF and DoDAF V2.0. In addition, an application service is identified in the metamodels of ArchiMate and DoDAF V2.0. Further, an Information System service is recognised in TOGAF’s
meta-models, and an enterprise service is identified in the FEAF’s documents. Further, an infrastructure service
is found in ArchiMate’s meta-model, while a platform service is identified in TOGAF’s meta-model.
Second is the actors’ category. In ArchiMate’s and TOGAF’s meta-models, an actor is represented in the
business layer. A service provider is found in the FEAF’s documents in BRM and SCRM, while a performer,
which could be a service provider or a consumer, is identified in the MODAF’s meta-models.
Third is the service interfaces category. In ArchiMate’s meta-models, a business interface is found in the
business layer, an application interface is found in the application layer, and an infrastructure interface is found
in the technology layer. All these interfaces are linked to the services in the same layer. However, in the metamodel of DoDAF V2.0, it is called a service port, while in the documents of TOGAF and the FEAF, and in the
MODAF’s meta-models, it is called a service interface.
Fourth is the service contracts category. A contract is recognised in ArchiMate’s meta-models in the business
layer, in TOGAF’s meta-models in the business architecture, in the FEAF’s documents in BRM and SCRM, and
in the DoDAF V2.0 documents. However, it was noticed that the contract is associated with the product, which
is a collection of services, in ArchiMate. An SLA is identified in ArchiMate’s meta-models in the business layer
as part of the contract and in TOGAF’s document as part of the contract, too. It is also recognised in the FEAF’s
document in BRM and SCRM viewpoints and in DoDAF’s services viewpoint. The SLA is found in the metamodels of the MODAF’s service-oriented viewpoint. The service conditions element is identified in
ArchiMate’s meta-models as a part of the contract. In contrast, it is found in the DoDAF’s documents as part of
the service description in the services view. However, it is not mentioned in other frameworks. The Quality of
Service (QoS) is identified in ArchiMate’s document in the business layer as part of the contract and TOGAF’s
meta-model in the business architecture. It is also recognised in the FEAF’s document in both BRM and SCRM
viewpoints and in the DoDAF’s documents in the services view.
Finally, there are a couple of single elements that are not grouped. First, a product which is defined as a coherent
collection of services accompanied by a contract is found only in ArchiMate’s meta-model in the business layer.
Next, a measure element, which links the objective and business service, is only identified in TOGAF’s metamodels in business architecture. Then, a service description is found in TOGAF’s document in all three
architectures, in the DoDAF’s and the MODAFs’ meta-models. Next, a service policy is identified in TOGAF’s
document in all the three layers, in the DoDAF’s documents and in the MODAF’s meta-models. Then, a service
channel, which is a logical or physical communication path between requisitions and services, is recognised only
in the DoDAF’s meta-models. Finally, a service function is only found in the DoDAF’s documents and in
MODAF’s meta-models.

DISCUSSION AND CONCLUSIONS
The above analysis has resulted in a number of interesting findings. First, all the frameworks have a service
element; however, by delving deeper, some differences were noticed. A business service is covered in most of
the frameworks. However, the IS service, the enterprise service, the infrastructure service, and the platform
service are less frequent. Each of these is only covered in one framework, although some of them might mean
the same thing, e.g., an infrastructure service and a platform service. Further, it is clear that TOGAF and
ArchiMate have a clear classification and representation of services in all their layers (viewpoints).
Second, the actor element is recognised in the frameworks. A generic element called actor was found in
ArchiMate and TOGAF to represent both the service provider and the consumer. The separation of the provider
from the consumer in two elements could only be found in the FEAF. The actor element is similar to many of
the other elements in terms of the inconsistency of terminology and whether a generic actor element could be
used to represent both the provider and the consumer.
Third, in terms of the service interface, all the frameworks cover interfaces as part of SOA. However, interfacerelated elements are represented through different terms in the various frameworks. For example, in the DoDAF,
the term “service port” was chosen instead of “service interface”, and in ArchiMate different names are given to
interfaces depending on the layer of their associated service (e.g., a business interface of a business service).
Fourth, the contract, SLAs and QoS are also well covered in all the frameworks except the MODAF, which only
covers SLAs. In some cases, it is not clear whether an SLA is part of or equal to the contract.
The service description and service policy are missing in ArchiMate and FEAF, while the service function is
only given in the DoDAF and the MODAF. The SOA element product is found only in ArchiMate to represent a
group of services. A measure is found only in TOGAF and a service channel is only identified in the DoDAF. It
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seems that for the integration of SOA elements into the EA frameworks, the product, measure and service
channel were considered less important elements of SOA by the intellectual creators of these integrations, as we
have not identified them in more than one framework of the five, nor are they featured in the OASIS SOA
reference model or the CBDI-SAE™.
Further, it appears that the existing frameworks can generally accommodate the elements that constitute the
paradigm of service-orientation. However, there is no uniformity with regard to the SOA elements and their
level of details in the EA frameworks. In addition, although ArchiMate has a particularly strong focus on
service-orientation and was adopted by the Open Group and the TOGAF body, it is still incomplete with regard
to the SOA elements such as service descriptions and the representation of specific types of services such as
enterprise services. SOA elements and concerns for stakeholders are still unclearly supported by the variations in
these selected EA frameworks. This finding supports what Luo (2006) claimed that there are inconsistency in
terms of EA terminologies and concepts which leads to confusion in communications within the EA discipline
and with EA stakeholders. Luo (2006) added that such inconsistency will not advance the discipline. Given that
EA suffers from lack of consistency in terminology and concepts, the gap is even getting bigger by
incorporating SOA which lacks consistency as well. Consequently that might impact the use of EA as
communication tool between different stakeholders. In addition, as discussed earlier in the introduction, the
definition of SOA and its scope is still confusing. SOA has emerged as an IT architecture style and has
evolved to cover both business and IT moving towards a Service-Oriented Enterprise which might have an
impact on the integration of SOA in EAs. Furthermore, the lack of consistency in terms of SOA terminology,
scope and abstraction layers (Viering et al. 2009) is evident in the way EAs integrated SOA. The findings of this
paper are supported by our earlier findings from the comparison of different types of SOA integration in the
Zachman framework (Alwadain et al. 2010). It was concluded that even on a single EA framework level; there
are variations in terms of SOA integration.
In this paper, five EA frameworks were investigated and compared. They all support service-orientation at
different levels. There is inconsistency in what elements of SOA should be captured and where they should be
represented (viewpoints) in order to fulfil the stakeholders’ SOA-related concerns. Given that EA elements and
artefacts have to be relevant for a wide range of enterprises and government agencies, SOA integration in
existing EA frameworks needs to be addressed to precisely identify what elements are required for such
integration in order to (1) reduce the ambiguity surrounding the level of integration (viewpoints of EA) and the
depth of the integration (actual SOA elements) to address SOA stakeholders’ concerns and (2) to help
practitioners design service-oriented “as-is” or “to-be” models.
The contribution of the paper is that it is the first paper to compare EA frameworks in regard to SOA elements.
Further, this study is merely the first step in understanding and improving the integration of SOA in EA. While
the comparison does not resolve any ambiguity, it does point to the issues and provide examples of how the
different frameworks tackle the integration. Future research needs to look beyond existing literature to better
identify the role of service and SOA for EA and thereby better assist in the determination of SOA elements in an
EA. This work is in response to Viering et al.’s (2009) call for more research on how SOA changes EA
frameworks and Greefhorst et al.’s (2006) call for more work on architecture description standardization. In
future research, this work will be extended using a qualitative study to identify SOA elements that should be
captured in EA and to explain the differences in the integration approaches which could be generalized beyond
services and service orientation to new emerging concepts and paradigms that need to be integrated in EA
frameworks. However, this study has limitations too. For practical reasons, it only focused on the SOA elements
and not on their relationships and interactions with other elements in EA frameworks. If all the interactions and
relationships had been included, the comparisons would have become complex and hard to maintain in a paper
like this, given the space restriction. The study also ignored some elements in some EA frameworks that might
be considered similar to certain SOA elements unless explicit statements in these frameworks explained them,
e.g., some practitioners may equalize a function to a service. In addition, our comparison of EA frameworks is
explorative so far and lacks a solid theoretical foundation. This is a common limitation of EA research (Schmidt
and Buxmann 2011; Tamm et al. 2011).
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